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Abstract

The distinction between falls and blows is a common and difficult task in forensic sciences. One of the most often used criteria to address this
issue is the hat brim line (HBL) rule, which states that fall-related injuries do not lie above the HBL. Some studies, however, have found that the
use of HBL rule is not so relevant. This study assesses the aetiologies, the number of fractures, and their location on the skull and the trunk
in a sample of 400 individuals aged 20–49 years, which were CT scanned after traumas. This may facilitate the interpretation of such injuries
in skeletonized or heavily decomposed bodies in which soft tissues are no longer available. Our aim is to improve the distinction rate between
falls and blows by combining several criteria and assessing their predictability. Skeletal lesions were analysed using retrospective CT scans.
Cases selected comprise 235 falls and 165 blows. We registered the presence and the number of fractures in 14 skeletal anatomical regions
related to the two different aetiologies. We showed that the HBL rule should be used with caution, but there is nevertheless a possibility of
discussing the aetiology of blunt fractures. Possibly, parameters like the anatomical location and the number of fractures by region can be used
to distinguish falls and blows.
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Introduction

One of the key roles of the forensic anthropologist, in col-
laboration with the pathologist, is to provide analysis and
interpretation of skeletal trauma. They can afford an expert
opinion on the death circumstances by inferring the mecha-
nism of trauma from the skeletal fractures [1, 2].

Blunt force trauma (BFT) can be caused by a blunt object or
a surface, as in transportation fatalities, falls, or interpersonal
violence [3–5]. The highly variable nature of this type of
trauma makes it complicated and difficult to interpret on the
basis of the skeletal characteristics only.

Moreover, BFT is one of the most common injuries encoun-
tered by the forensic expert [1]. Therefore, the expert has to
try to determine if the injury is induced by blows or related
to a fall [1, 6]. To achieve this, the hat brim line (HBL)
rule has often been used [6–9]. Nevertheless, this distinction
remains a challenge, mainly because of a lack of objectivity
and standardized methods.

This study aims to investigate whether circumstances of
traumatic events have an influence on the fractures they create
and on their distribution on the skeleton (skull and trunk).

If so, the second objective will be to check whether we can
propose a method helping to define the aetiology of observed
fractures.

Materials and methods

Study sample

A retrospective review of post-traumatic living individuals
who were computed tomography (CT) scanned between 2008
and 2019 identified 400 cases of falls and blows, with at least
one fracture. CT scans of these polytraumatized individuals
were performed at the Assistance Publique-Hôpitaux de Mar-
seille (AP-HM, France), the Centro Hospitalar e Universitário
de Coimbra, and the Centre Hospitalier Regional et Univer-
sitaire de Nancy. These scans were anonymized and collected
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from the Picture Archiving and Communication System. The
clinical management of the patients rarely required a full-
body scan. According to medical indications of CT scans,
the skeleton had to be considered in two parts: on the one
hand, the cranium and the mandible; and, on the other hand,
from the first cervical to the pelvis, without the appendicular
skeleton (i.e. the spine, the thorax, the shoulder and pelvic
girdles, and the upper end of the femur).

The scanner slices were 0.6 and 1.25 mm thick according
to the acquisition protocol. We selected adults aged between
20 and 49 years old to have a certain homogeneity in the
physicochemical properties of the bone.

Medical information for each of these cases, as well as
case details relevant to the circumstances causing the BFT,
was reviewed. Since this is a retrospective study, based on
clinical management of a patient, not all information about
the circumstances of fractures are systematically indicated. So,
we have no data on the number of perpetrators or blows in
blow injuries. Furthermore, whenever possible, the character-
istics of the individuals were recorded. Details included the
following data:

Circumstances of BFT:

• Date of the traumatic event
• Type of BFT (falls or blows)
• Date of CT scan
• Height of the fall (when the medical report gives this

information)
• Blunt force object used (when the medical report gives this

information)

Characteristics of the individuals:

• Age
• Sex

Following the standards of the National Consultative Ethics
Committee for Health and Life Sciences, National Council of
Ethics for the Life Sciences, and the Helsinki Declaration of
1975 concerning the privacy and confidentiality of personal
data, all personal patient information was anonymized. Only
the age, sex, and date of examination were known for each
subject. All data were permitted by AP-HM for use in this
study.

Variables

We selected 14 anatomical regions: basicranium, cranial vault,
face, mandible, clavicle, scapula, sternum, ribs, cervical ver-
tebrae, thoracic vertebrae, lumbar vertebrae, sacrum, coxal
bone, and femur. Fractures on the basicranium comprise those
of the cribriform plate of the ethmoid bone, the orbital plate
of the frontal bone, the temporal bone, the sphenoid, and
the occipital bone [10]. Given the definition of Cooper and
Golfinos [10], and for the purposes of descriptive statistics,
we only considered as vault elements: the frontal and parietal
bones. The face is composed of the maxilla, the palatine, the
vomer, the lacrimal bones, the nasal bones, and the zygo-
matic and the ethmoid bones without the cribiform plate. We
grouped together cervical vertebrae and hyoid bone [10, 11].

Skeletal trauma was described for each individual as fol-
lows: the skeletal element and anatomical location of the
injury (to investigate the distribution of the fractures on the
body).

To record the presence of fractures in each anatomical
region, we used a binary scoring (0, absence/1, presence);
however, to take into account the number of fractures, we
used a three-staged scores: 0: absence of fractures, 1: single
fracture, and 2: two fractures or more.

Each individual was reviewed in the three anatomical planes
(axial, coronal, and sagittal) using the window viewing presets
for bone and this was adjusted manually on AW Workstation
(AW server 2.0; GE HealthCare, Milwaukee, WI, USA) and
Horos (version 3.3.5®; https://horosproject.org). The 3D vol-
ume renderings were also used to identify the fractures.

Statistical analyses

Fisher’s exact tests were used to identify the association
between two qualitative variables and specially the correlation
between the fracture and the sex or the age group. Then,
we used the mean measure of divergence (MMD), which is
the most common procedure for calculating distances (the
mean variance) from a set of nonmetric traits recorded in
binary scoring [12–14]. MMD values of more than twice their
corresponding standard deviations (SDs) were considered to
be statistically significant and allowed us to consider that
compared samples diverge.

To compare the mean numbers of fractures of the two
aetiologies for each anatomical region, the Mann–Whitney U
test was used.

Using the number of fractures on the different anatomical
regions recorded in three different stages (absence/presence of
one fracture/presence of two fractures and more), a decision
tree was built to predict the aetiology of these fractures
(falls/blows).

All statistical analyses were performed using the R
Software® version 3.3.2 (R Foundation for Statistical
Computing, Vienna, Austria). For all statistical tests, the
significant level used was 0.05. We used {AnthropMMD} R
package to calculate the distance between the two aetiologies
regarding the presence of fractures in 14 different anatomical
regions. {rpart} R package was used to build the decision tree.

To assess the repeatability, we randomly selected 30 indi-
viduals of the sample. The presence and number of fractures
were observed twice in 14 anatomical regions by the same
observer, which was trained on Horos version 3.3.5®. Inter-
and intra-observer variations were evaluated using Cohen’s
Kappa coefficient with {KappaGUI} R package.

Results

Inter- and intra-observer errors

The inter- and intra-observer errors were evaluated using
Cohen’s Kappa (Table 1) [15, 16]. A table taken from Landis
and Koch [17] was used for agreeing to evaluation (Table 2).

The results show a perfect and substantial agreement for
all variables. The lowest value of Cohen’s Kappa for the
presence/absence of the fracture is 0.65 and for the scoring
in three stages is 0.65, too.

Characteristics of the sample

Our sample includes 235 falls and 165 blows from three hos-
pitals, which were CT scanned from January 2008 to August
2019. We observed 190 males (80.85%) and 45 females
(19.15%) in fall cases and 152 males (92.12%) and 13 females
(7.88%) in blow cases (Supplementary Table S1). Fisher’s

https://horosproject.org
https://academic.oup.com/fsr/article-lookup/doi/10.1093/fsr/owad006#supplementary-data


32 Henriques et al.

Table 1. Inter- and intra-observer errors of the assessment of the presence and the number of fractures on 14 anatomical regions using Cohen’s Kappa.

Anatomical region Absence/presence Absence/simple/multiple

Inter-observer Intra-observer Inter-observer Intra-observer

Basicranium 0.71 1.00 0.72 1.00
Cranial vault 0.84 1.00 0.84 1.00
Face 0.90 0.90 0.91 0.82
Mandible 0.87 1.00 0.75 1.00
Clavicle 1.00 0.65 1.00 0.65
Scapula 0.84 1.00 0.84 1.00
Sternum – – – –
Ribs 0.72 1.00 0.68 0.93
Cervical V. 1.00 1.00 1.00 1.00
Thoracic V. 0.76 0.84 0.77 0.68
Lumbar V. 0.92 1.00 0.92 0.93
Sacrum 1.00 1.00 0.86 1.00
Coxal 1.00 0.87 1.00 0.87
Femur 1.00 1.00 1.00 1.00

–: The Kappa was not provided because the calculation made no sense. V.: vertebrae.

Table 2. Cohen’s Kappa agreement (data from Landis and Koch [17]).

Kappa (K) Strength of agreement

<0 Disagreement
0.00–0.20 Insignificant
0.21–0.40 Low
0.41–0.60 Middle
0.61–0.80 Good
0.81–1.00 Very good

exact test shows that the proportion of males significantly
differs between the two aetiologies (80.85% vs. 92.12%,
P = 0.001).

Regarding the age distribution, we found that adults aged
40–49 years involved in falls are more frequent (43.83%) than
the two other age groups (27.66% for individuals between 30
and 39 years; 28.51% for the group of 20–29 years). Among
the blow cases, almost the half (46.67%) was 20–29 years
old, 33.33% of individuals aged 30–39 years and 20.00% of
individuals aged 40–49 years (Supplementary Table S2).

Fisher’s exact test shows a significant difference in the
distribution of the individuals by age group between the two
aetiologies (P < 0.001).

Skeletal fractures: circumstances, incidence,

topography

An examination of the distribution and frequency of skele-
tal fractures showed that almost all skeletal elements were
susceptible to fracture in both aetiologies (Tables 3 and 4,
Figure 1).

Among the 235 falls, 34.89% of cases exhibited trauma to
a single region and 65.11% of cases exhibited polytrauma.
Among the 165 blows, 67.27% of cases exhibited trauma to
a single region, and 32.73% of cases exhibited polytrauma
(Table 3).

We observed that fractures occurred more frequently on
the cranial vault, the basicranium, the clavicle, the scapula,
the sternum, the ribs, the cervical vertebrae, the thoracic
vertebrae, the lumbar vertebrae, the sacrum, the coxal bone,
and the femur in falls, while fractures of the face (64.24%)
and of the mandible (38.79%) occurred more often in blows
(Table 4, Figure 1).

Table 3. Anatomical regions fractured by aetiology (N=400).

Aetiology One AR More than one AR
fractured n (%) fractured n (%)

Falls (n = 235) 82 (34.89) 153 (65.11)
Blows (n = 165) 111 (67.27) 54 (32.73)

AR: anatomical regions.

Table 4. Presence of fractures by anatomical region in both aetiologies
(N = 400).

Region Falls (n = 235) Blows (n = 165) P-value
n (%) n (%)

Basicranium 63 (26.81) 36 (21.82) 0.290
Cranial vault 47 (20.00) 16 (9.70) 0.005
Face 79 (33.62) 106 (64.24) <0.001
Mandible 14 (5.96) 64 (38.79) <0.001
Clavicle 9 (3.83) 0 (0.00) 0.012
Scapula 27 (11.49) 1 (0.61) <0.001
Sternum 15 (6.38) 0 (0.00) <0.001
Ribs 63 (26.81) 5 (3.03) <0.001
Cervical V. 14 (5.96) 0 (0.00) <0.001
Thoracic V. 47 (20.00) 3 (1.82) <0.001
Lumbar V. 82 (34.89) 8 (4.85) <0.001
Sacrum 49 (20.85) 0 (0.00) <0.001
Coxal 54 (22.98) 2 (1.21) <0.001
Femur 20 (8.51) 0 (0.00) <0.001

P-value is associated with the Fisher’s exact test; significant values are given
in bold. V.: vertebrae.

Fractures of the face, the thoracic and lumbar vertebrae, the
sacrum, and the coxal bone were significantly associated with
sex. Fractures on the mandible, the ribs, and lumbar vertebrae
were significantly associated with age (Table 5).

The MMD was calculated from the presence/absence of
fractures in the 14 anatomical regions. The MMD value
(0.341) is greater than twice the SD (0.004), indicating a
significant difference between falls and blows.

Number of skeletal fractures

Concerning the minimum number of fractures in the 14
anatomical skeletal regions, we worked in two steps. First,
we compared the mean number of fractures occurring in falls
and blows (Table 6). The results show a significant difference
between falls and blows based on the number of fractures on

https://academic.oup.com/fsr/article-lookup/doi/10.1093/fsr/owad006#supplementary-data
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Figure 1. The frequency and distribution of fractures as related to the aetiology.

Table 5. Presence (%) of fractures by anatomical region, sex, and age (N = 400).

Region Sex P-value Age (year) P-value

Female (n = 58) Male (n = 342) 20–29 (n = 144) 30–39 (n = 120) 40–49 (n = 136)

Basicranium 22.41 25.15 0.743 28.47 23.33 22.06 0.440
Cranial vault 15.52 15.79 1.000 19.44 15.00 12.50 0.279
Face 32.76 48.54 0.032 47.92 47.50 43.38 0.711
Mandible 12.07 20.76 0.152 27.08 21.67 9.56 <0.001
Clavicle 1.72 2.34 1.000 2.08 1.67 2.94 0.839
Scapula 5.17 7.31 0.782 4.17 6.67 10.29 0.135
Sternum 5.17 3.51 0.465 3.47 1.67 5.88 0.223
Ribs 18.97 16.67 0.705 9.03 18.33 24.26 0.002
Cervical V. 5.17 3.22 0.438 2.78 4.17 3.68 0.840
Thoracic V. 25.86 10.23 0.002 10.42 12.50 14.71 0.548
Lumbar V. 36.21 20.18 0.010 15.97 21.67 30.15 0.018
Sacrum 22.41 10.53 0.016 10.42 12.50 13.97 0.670
Coxal 24.14 12.28 0.023 10.42 20.00 12.50 0.075
Femur 8.62 4.39 0.188 4.86 5.83 4.41 0.882

P-value is associated with the Fisher’s exact test; significant values are given in bold. V.: vertebrae.

Table 6. Comparison of the mean number of fractures by anatomical region according to the cause of the trauma.

Region Falls Blows P-value
(Mann–Whitney
U test)

[Min;max] Mean (SD) [Min;max] Mean (SD)

Basicranium [0;7] 0.762 (1.629) [0;8] 0.467 (1.182) 0.295
Cranial vault [0;4] 0.366 (0.833) [0;4] 0.212 (0.651) 0.023
Face [0;8] 0.813 (1.614) [0;6] 1.370 (1.639) <0.001
Mandible [0;2] 0.111 (0.439) [0;2] 0.558 (0.768) <0.001
Clavicle [0;2] 0.060 (0.315) – – –
Scapula [0;2] 0.174 (0.514) [0;1] 0.006 (0.078) <0.001
Sternum [0;2] 0.077 (0.311) – – –
Ribs [0;21] 1.362 (2.980) [0;13] 0.230 (1.455) <0.001
Cervical V. [0;11] 0.157 (0.880) – – –
Thoracic V. [0;13] 0.545 (1.511) [0;2] 0.030 (0.232) <0.001
Lumbar V. [0;12] 1.132 (2.007) [0;7] 0.127 (0.709) <0.001
Sacrum [0;4] 0.391 (0.847) – – –
Coxal [0;2] 0.409 (0.776) [0;2] 0.018 (0.174) <0.001
Femur [0;4] 0.149 (0.538) – – –

In bold: significant values; –: no fracture was observed, so the comparison was not possible. V.: vertebrae; SD: standard deviation.

all anatomical regions except the basicranium. Fractures are
more numerous in falls than in blows except for the face and
the mandible.

Then, we synthesized the minimum number of fractures by
a new scoring: 0: absence of fracture, 1: single fracture, and 2:
more than two fractures.

Single fractures are more widespread in fall cases than in
blow cases (Table 7, Figure 2A).

Fall cases exhibited widespread simple fractures with close
frequencies (between 1.28% and 8.51%) even for the face,
which presents 12.77% of fractures, and the basicranium,
which presents 12.77% of fractures (Figure 2A, Table 7).
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Table 7. Number (%) of fractures recorded in three stages present in the anatomical region, in both aetiologies (N = 400).

Region Falls (n = 235) Blows (n = 165) P-value

Simple (n, %) Multiple (n, %) Simple (n, %) Multiple (n, %)

Basicranium 30 (12.77) 33 (14.04) 17 (10.30) 19 (11.52) 0.529
Cranial vault 20 (8.51) 26 (11.06) 4 (2.42) 12 (7.27) 0.012
Face 30 (12.77) 42 (17.87) 28 (16.97) 66 (40.00) <0.001
Mandible 4 (1.70) 10 (4.26) 32 (19.39) 32 (19.39) <0.001
Clavicle 3 (1.28) 6 (2.55) 0 (0.00) 0 (0.00) 0.018
Scapula 13 (5.53) 14 (5.96) 1 (0.61) 0 (0.00) <0.001
Sternum 12 (5.11) 3 (1.28) 0 (0.00) 0 (0.00) <0.001
Ribs 7 (2.98) 56 (23.83) 0 (0.00) 5 (3.03) <0.001
Cervical V. 5 (2.13) 9 (3.83) 0 (0.00) 0 (0.00) 0.002
Thoracic V. 16 (6.81) 31 (13.19) 1 (0.61) 2 (1.21) <0.001
Lumbar V. 17 (7.23) 65 (27.66) 4 (2.42) 4 (2.42) <0.001
Sacrum 16 (6.81) 33 (14.04) 0 (0.00) 0 (0.00) <0.001
Coxal 12 (5.11) 42 (17.87) 1 (0.61) 1 (0.61) <0.001
Femur 10 (4.26) 10 (4.26) 0 (0.00) 0 (0.00) <0.001

P-value is associated with the Fisher’s exact test; significant values are given in bold. V.: vertebrae.

Figure 2. The frequency and distribution of simple (A) and multiple (B) fractures as related to the aetiology. Falls: n = 235; blows: n = 165.

In blow cases, only five anatomical skeletal regions are con-
cerned by simple fractures, with a frequency > 1%: the bas-
icranium (10.30%, n = 17), the cranial vault (2.42%, n = 4),
the face (16.97%, n = 28), the mandible (19.39%, n = 32), and
lumbar vertebrae (2.42%, n = 4) (Figure 2A, Table 7).

Fractures of the basicranium occurred more frequently in
falls than in blows (12.77% vs. 10.30%) (Table 7, Figure 2A).

Fall cases exhibited again widespread multiple fractures
(Table 7, Figure 2B). Multiple fractures are more frequent
in lumbar vertebrae (27.66%, n = 65), then by decreasing
frequency in ribs (23.83%, n = 56), face and coxal (17.87%,
n = 42; for both), and sacrum and basicranium (14.04%,
n = 33; for both), The mandible is more concerned by mul-
tiple fractures than simple ones (4.26% vs. 1.70%) (Table 7,
Figure 2B).

Multiple fractures in blows are more localized and involved
seven anatomical regions with a frequency > 1%: the face
(40%, n = 66), the mandible (19.39%, n = 32), the basicranium
(11.52%, n = 19), the cranial vault (7.27%, n = 12), the ribs
(3.03%, n = 5), the lumbar vertebrae (2.42%, n = 4), and the
thoracic vertebrae (1.21%, n = 2). No multiple fractures were

observed on the clavicle, scapula, sternum, cervical vertebrae,
sacrum, and femur (Table 7, Figure 2B).

A decision tree was built to identify the criteria playing a key
role in the distinction between blows and falls (Figure 3). For
this purpose, the number of fractures according to the three
stages in 14 anatomical regions were used as independent
variables of the model. The decision tree of our study inte-
grated all 400 cases.

The three variables identified by the decision tree were
the number of fractures on the mandible, on the face, and
on the cranial vault. For each branch, the numbers of falls
and blows are indicated (Figure 3). Given that 28 cases of
blows and 54 cases of falls were misclassified, the misclas-
sification rate with the leave-one-out method was equal
to 20.5%.

Therefore, the decision tree correctly classified 79.5% of the
total cases (77.02% (181/235) of falls and 83.03% (137/165)
of blows). Perfect discrimination remains unrealistic, but the
decision tree shows a strong discrimination potential between
fall and blow cases using the number of fractures on the
mandible, face, and cranial vault.
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Figure 3. Decision tree (A: no fracture, S: simple fracture, M: multiple
fractures).

Discussion

Repeatability

The results showed a perfect and substantial agreement for all
the variables.

Fracture location, sex, and age

The presence of fractures by anatomical region, sex, and age
(Table 5) showed that face fractures are found significantly
more often for males. This is consistent with literature and
with our sample distribution by sex and aetiology where
males represent >90% of blow cases and with the fact that
there is a significant tendency for face fractures to be caused
by blows (Table 4) [18–20]. Concerning the thoracic and
lumbar vertebrae, as well as the coxal and sacrum, there is
a statistically significant difference showing that these bones
are more often fractured in women (Table 5). Once again, this
appears to be consistent with the fact that these bones are
more often fractured in case of falls (Table 4) and that there
is almost three times more women in our sample affected by
falls. This prevalence of fracture can be explained by differ-
ences in bone structure between the sexes (influenced, among
other things, by osteoporosis, pregnancy, or lactation) [21–
25]. Finally, concerning age, Table 5 shows that the mandible
is significantly less fractured when age increases, and this
makes sense with the fact that mandible fracture is associated
with blows (Table 4) and blows decreases with age [26–34].
On the contrary, Table 5 shows that ribs and lumbar vertebrae
are significantly more often fractured with increasing age, and
these bone fractures are associated with falls (Table 4) that
increase with age (Figure 2A) [35, 36].

Skeletal fractures: circumstances, incidence, and

topography

In this study, fractures occurred more frequently in falls for the
postcranial skeleton, the basicranium, and the cranial vault.
Conversely, the fractures of the face and the mandible were
more frequently found in blows.

Falls
In fall cases, males are more frequent (80.85%) than females
(19.15%) and the number of falls increases with age. Indeed,
43.83% of the population aged between 40 and 49 years
(n = 103) compared to 28.51% of individuals aged 20–29.

These observations enabled us to highlight those fractures
are more frequent and better distributed over the skeleton in
fall cases. According to Kratter [37], falls cannot cause injuries
of the vertex area nor the cranial vault (above the line binding
the frontal eminence, the parietal eminence, and the external
occipital protuberance) except in the case of a fall from a
height or an impact against an edge or a corner [38, 39].

Simple fractures (i.e. single fractures) are more common in
the face (12.77%) and the base of the skull (12.77%).

Multiple fractures are rather well distributed on the
skeleton even if they present a lower frequent localization
compared to the ribs (23.83%) and the lumbar vertebrae
(27.66%).

The minimum number of fractures on the scapula, ribs,
coxal bone, thoracic, and lumbar vertebrae is significantly
more critical in falls. These results are perfectly consistent with
the literature [3, 21, 39–46].

Blows
In blow cases, males are more frequent (92.12%) than females
(7.88%) and the number of blows decreases with age. Indeed,
46.67% of individuals aged 20–29 years have at least one
fracture compared to 20.00% of individuals aged 40 to 49.
In 2001, Walker [26] noted that people involved in assaults
tend to be young males.

Fractures on the skeleton are located on the face (64.24%)
and the mandible (38.79%).

Simple fractures show prevalence for the same anatomical
regions, presenting, respectively, 16.97% and 19.39%. Multi-
ple fractures are more frequent in the face (40.00%), mandible
(19.39%), and basicranium (11.52%).

The minimum number of fractures on the face and the
mandible is significantly higher in blows.

These results are concordant with the literature since the
head and face are the main rage focus of the perpetrator
because these areas are psychologically linked to the victim’s
identity [47–50].

However, our results are divergent from Kratter [37] who
showed that blows can cause injury in every region of the head
with the exception of the base of the skull [38, 39].

Cranial vault
Our results showed that fractures in the cranial vault occurred
more frequently in fall cases (19.57%, n = 46) than in blows
(9.70%, n = 16).

Many studies showed that fractures and injuries on the
cranial vault and above the HBL could not result from falls
except in cases of repeated falls, falls from a height, or an
impact against an edge or a corner; so they would be less
frequent than in blow cases [6–9, 38, 39, 51, 52]. However,
our results showed the opposite.

Basicranium
Our results showed that fracture on the basicranium occurred
more frequently in fall cases (26.81%, n = 63) than in blow
cases (21.82%, n = 36).
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According to Kratter [37], blows can cause injury in every
region with the exception of the base of the skull [39].
However, Rogers [53] wrote that basilar skull fractures could
result indirectly from blows to the front of the head or through
compression of the spine against the base of the skull. Our
results confirmed these latest findings.

Face
Our results showed that fractures in the face occurred more
frequently in blow cases (64.24%, n = 106) than in falls
(33.62%, n = 79). Concerning blow cases, this result is con-
cordant with those of many authors who said that one of the
most commonly sustained injuries is to the face [18, 26].

According to Arabion et al. [54], the most frequent aetiol-
ogy of facial fractures is falling, while for other studies, it is
traffic-related [19, 54–57]. However, based on the study of
Guyomarc’h et al. [7], one of the criteria pointing towards
blows is the presence of facial fractures. Several authors agree
that showing that violence is the most frequent cause of
craniofacial fractures, and our results are consistent with this
[20, 27, 58–63]. Our results showed that adult males are more
frequently implied, whatever the aetiology is [18–20].

Mandible
Fractures on the mandible occur in 38.79% (n = 64) of blow
cases and 5.96% (n = 14) of fall cases. Our results are similar
to those of many studies showing that most fractures were
caused by assault followed by falls [27–30] and are more
frequent in young males (20–30 years old) [31–34].

Clavicle
Clavicle fractures were only observed in fall cases (3.83%,
n = 9) with a predominance in males. These results are concor-
dant with the literature. Clavicle fractures occur from sports,
falls, and motor vehicle accidents [21, 40, 64–66]. According
to Sirin et al. [67], this injury occurs more frequently in males
than in females, with the highest incidence in the 20- to 30-
year-old age group, which is similar to our study.

Scapula
Scapula fractures occur in 11.49% (n = 27) in fall cases and
0.61% (n = 1) in blows with a predominance in people aged
40 and 49 years (10.29%, n = 14). According to the literature,
scapula fractures are uncommon and result from falls or
motor vehicle incidents [3, 21, 40]. People aged 40–60 years
are more implied, which is concordant with our results [3, 21,
68].

Rib
In our study, rib fractures are more frequent in fall cases
(26.81%, n = 63) than in blow cases (3.03%, n = 5). People
aged 40 and 49 years are more implied by this type of fracture.

According to the literature, rib fractures are common
injuries and result from sports (stress fractures) and minor
injuries (especially in elderly individuals) [69, 70] or from
homicidal actions, particularly stomping on the chest of
a prone victim or a direct blow or kicking and from
cardiopulmonary resuscitation [64, 71]. Fractures in the
upper zone of the thoracic cage (one to fourth ribs) require
high-velocity trauma [69]. Rib fractures are complex and
are an essential indicator of trauma severity (morbidity and
mortality increase with increasing numbers of ribs fractured)
[69, 72–74].

Sternum
In our sample, sternum fractures only occur in fall cases
(6.38%, n = 15). According to the literature, sternal fractures
can result from motor vehicle accidents, contact sports, falls,
and assaults [72, 74, 75].

Vertebrae
In our sample, there are no cervical fractures in blows, but in
falls they have a frequency of 5.96% (n = 14). Overall, spinal
fractures frequently occur in falls [40]. Cervical fractures are
frequent in motor vehicle accidents, sporting accidents, and
assaults with weapons [21]. During an attack, these kinds of
fractures are more due to the fall [76–78].

In our sample, fractures on thoracic and lumbar vertebrae
are more frequent in fall cases than in blows. According to
the literature, thoracolumbar injuries are due to motor vehicle
accidents and fall from a significant height [21, 41–46].

The thoracolumbar fractures are more frequent in females.
These significant differences between males and females can
be explained by structural and kinetic differences, “probably
an evolutional allowing female to carry their fetus while
standing in an upright position” [22]. Indeed, females display
a lumbar hyperlordosis, a thoracic hypokyphosis and a lesser
lumbar range of motion in flexion–extension [22]. These
elements limit the prevalence of cervical spine fracture and can
be the cause of lumbar spine fractures in females. Moreover,
according to many authors, during pregnancy and lactation,
females lose 3%–10% of trabecular bone [79].

Sacrum
Our results show that sacral fractures only occur in fall cases
(20.85%, n = 49) and are more frequent in females (22.41%,
n = 13).

According to the literature, fractures of the sacrum can be
caused by a stress fracture or insufficiency fracture [53, 80].
This last fracture occurs within normal stress on the bone. The
bone can be weakened by pregnancy and lactation, radiation
therapy, rheumatoid arthritis, osteoporosis (which can also
be caused by some medications or diseases), demineralization
in elderly patients, and postmenopausal females [21, 23–25].
Sacral fracture frequently occurs in motor vehicle accidents
and falls and are more frequent in females [81–85].

Coxal bone
In our study, fractures of the coxal bone are more frequent in
falls (22.98%, n = 54) and in females (24.14%, n = 14).

Pelvic fractures in adults are associated with significant
morbidity and mortality [3, 86]. Pelvic fractures are most
common in young adult males and older males and females
[87, 88]. The prevalence of pelvic fractures is male for Pereira
et al. [89] and female for Buller et al. [90], Sanders et al.
[91], and Melton et al. [92]. According to Balogh et al. [93],
pelvic fractures in males occur more frequently in high-energy
accidents (motor vehicle accidents), and for females, these
occur in low-energy injuries. Pelvic fractures are common in
motor vehicle accidents, falls, and sport-related accidents [3,
21, 40].

Femur
This study shows that fractures of the proximal femur only
occur from falls (8.51%, n = 20).
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As for the coxal bone and sacrum, insufficiency fractures
can occur on the proximal extremity of the femur [94].
In young adults, femur fractures result from motor vehicle
accidents, falls from heights, or sports [3, 21, 40, 95].

The skull: an important anatomical region in the

distinction between falls and blows?

A significant amount of research has been devoted to under-
standing the biomechanics of fractures by powerful forces
[96–98], but few studies have focused on the evaluation of
the origin of the trauma by analysing the fracture location and
morphology [6–9, 51, 99–102]. This is why it is necessary to
deepen our knowledge in this field. Blunt force injuries located
in the cranium and in the trunk are preferentially associated
with interpersonal violence. They are often linked with the
manner and cause of death, which makes their examination
crucially important in the medicolegal investigation of death
circumstances [4, 5, 48–50, 99, 103–105].

One of the first authors who tried to distinguish between
falls and blows based on the skull lesions, in 1905, was
Richter [106]. He highlighted the attention that must be paid
to the amount of skin bruises and their location. If there
are particular reasons for repeated falls, if the bruises are
numerous and are located in regions that cannot be involved
in cases of a fall (the cranial vertex), we can hypothesize that
the child is beaten.

In 1921, Kratter’s researches (as cited by Fracasso in 2011)
showed falls can cause injuries to the vertex area and cranial
vault when the fall was from a great height or if there was an
impact with an obstacle during the fall [38, 39].

Regarding a similar line, Walcher, in 1931, created the HBL
rule which says that fall-related injuries do not lie above the
HBL when some conditions are fulfilled (standing position
of the individual before falling, flat floor without incline or
stairs, falling from one’s height, and absence of intermediate
obstacles), but the rule is not applicable for small children
[38, 52].

Nowadays, the HBL is defined as the area above the Frank-
fort horizontal plane, which is located between the line pass-
ing through the glabella (G-line) and the line passing through
the centre of the external auditory meatus (EAM-line) [51]
(Figure 4).

Figure 4. The hat brim line (HBL), area located between the G-line (the
superior margin) and EAM-line (the inferior margin).

The use of the HBL rule in the distinction between falls and
blows is controversial. Despite this, some studies have used
this rule when observing skull fractures and skin lesions.

The few studies that have compared falls and blows cases
in relation to the HBL to determine the validity of this rule are
those cited below.

Ehrlich and Maxeiner [8, 9], Kremer et al. [6, 51], and
Guyomarc’h et al. [7] undertook studies to distinguish
between falls and blows in blunt head traumas. Ehrlich and
Maxeiner [8, 9] studied 254 falls (203 on a flat surface, 51
downstairs) and 51 blows. They observed that lacerations
from blows occur more often above the HBL (55%) than
lacerations from falls (33%).

Kremer et al. [6, 51] focused on the location of cranial
fractures and number of lacerations. In Kremer et al. [51],
36 falls (23 from one’s own height, 13 downstairs) and 44
blows were observed. The results showed that injuries from
blows are more often found above HBL, although this rule
should be used with caution. In Kremer et al. [6], 50 falls
were observed (29 from one’s height, 21 downstairs) and
64 interpersonal violence with a blunt weapon. The study
confirmed that injuries inflicted by blows are often situated
above HBL, a laceration inside HBL is more in favour of a fall
(66.7%), and a skull fracture inside HBL is found equitably
in both aetiologies.

Guyomarc’h et al. [7] described the number and length of
lacerations on the entire skull, type of skull fractures, location
of injuries, and the presence or the absence of postcranial
injury in 50 cases of falls (29 from own height, 21 downstairs)
and 63 cases of homicidal blows. The results showed a strong
discrimination potential between fall and blow cases with four
criteria, including the presence of fractures above the HBL (in
favour of blows).

The authors confirmed that HBL has to be used carefully
and not as a single criterion in the distinction between falls and
blows. Perfect discrimination remains unrealistic, and before
we can quickly and accurately distinguish falls from blows,
there is a lot more work to be performed. Moreover, we have
to be careful as some studies have a weak sample.

Besides, we find more fractures related to falls than to
blows above this HBL, so the use of the HBL rule is limited.
In both cases, the face is the anatomical region of the skull
which is more frequently touched by fractures. Concerning
the basicranium, the frequency of occurrence of fractures is
similar in both aetiologies. Finally, the presence of fractures
on the mandible is an important element to strengthen the
hypothesis of blows struck at the individual.

The decision tree proposed in our study showed the impor-
tance of fractures located on the mandible, on the face, and on
the cranial vault because it allows a distinction between blows
and falls. By using this tree on our study sample to predict the
aetiology of fractures, and taking care to use a “Leave One
Out” procedure, the decision tree correctly classified 79.5%
of the cases.

Some of these anatomical regions were already used in the
“combined criteria tools”of Guyomarc’h et al. [7], which con-
sidered the number of scalp lacerations, the scalp laceration
length, the vault fracture type, and the presence or absence of
facial fractures. Their decision tree classified 82% of falls and
93.7% of blows correctly.

However, it should be noted that these two studies did not
take into account certain parameters that can affect bone
fractures (such as one’s character or region). Indeed, some
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authors have shown that the risk of fracture and their location
are related to ethnicity [107–109].

Conclusion

It seems that the HBL rule should be used with caution, but
this preliminary stage of our work has shown that there is
nevertheless a possibility of discussing the aetiology of blunt
fractures, with the presence of fractures either on the cranium
alone, or on the cranium and the postcranium.

We can use parameters like the anatomical location and
the minimum number of fractures by anatomical regions to
distinguish falls and blows even if several other parameters
remain to be integrated (as the typology of fractures).

Ultimately, the goal is to develop a rating system that allows
us to further refine the prediction of the aetiology of blunt
fractures found during the postmortem study of skeletons.

However, our study showed that the skull is not the only
anatomical region showing a significant difference between
falls and blows.

Indeed, the postcranial regions play a role in the distinction
of the two aetiologies, and more particularly, scapula, ribs,
coxal bone, and thoracic and lumbar vertebrae.

Finally, we are perfectly aware that this is a preliminary
study and that, for instance, there might be a relationship
between the location of fractures caused by blows and with
one’s ethnicity, character, and region. These results should be
qualified and we look forward to extend our sample to other
populations.
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Žalgiris clinic, Lithuania: a review of 1 508 cases. Acta Medica
Litu. 2013;20:53–60.

31. Ahmed S, Usmani RV, Shaikh AH, et al. Mandibular fractures.
Prof Med J. 2018;25:1596–1599.

32. Kansakar N, Budhathoki B, Prabhu N, et al. Pattern and etiology
of mandibular fractures reported at Nepalgunj Medical College:
a prospective study. J Nepalgunj Med Coll. 2017;13:21–24.

33. Ghodke MH, Bhoyar SC, Shah SV. Prevalence of mandibular
fractures reported at C.S.M.S.S Dental College, Aurangabad from
February 2008 to September 2009. J Int Soc Prev Community
Dent. 2013;3:51–58.

34. Atilgan S, Erol B, Yaman F, et al. Mandibular fractures: a compar-
ative analysis between young and adult patients in the southeast
region of Turkey. J Appl Oral Sci. 2010;18:17–22.

35. Agnew AM, Kang Y-S, Moorhouse K. et al. Age-related changes
in stiffness in human ribs. Proc IRCOBI Conf. 2013;257–269.

36. Talbot LA, Musiol RJ, Witham EK, et al. Falls in young, middle-
aged and older community dwelling adults: perceived cause,
environmental factors and injury. BMC Public Health. 2005;5:86.

37. Kratter J. Lehrbuch der Gerichtlichen Medizin: mit Zugrun-
delegung der Deutschen und Österreichischen Gesetzgebung und
Ihrer Neuordnung. Stuttgart (Germany): Enke. 2021. German.

38. Geserick G, Krocker K, Wirth I. Walcher’s hat brim line rule—a
literature review. Arch Kriminol. 2014;234:73–90.

39. Fracasso T, Schmidt S, Schmeling A. Commentary on: Kremer C,
Racette S, Dionne CA, Sauvageau A. Discrimination of falls and
blows in blunt head trauma: systematic study of the hat brim rule
in relation to skull fractures. J Forensic Sci. 2008;53:716–719.
J Forensic Sci. 2011;56:1662–2.

40. Court-Brown CM. Chapter 3: The epidemiology of fractures and
dislocations. In: Court-Brown CM, Heckman JD, McQueen MM,
et al. editors, Rockwood Green’s fract adults. Alphen aan den Rijn
(The Netherlands): Wolters Kluwer, 2015, 59–108.

41. Meldon SW, Moettus LN. Thoracolumbar spine fractures: clin-
ical presentation and the effect of altered sensorium and major
injury. J Trauma. 1995;39:1110–1114.

42. Hsu JM, Joseph T, Ellis AM. Thoracolumbar fracture in blunt
trauma patients: guidelines for diagnosis and imaging. Injury.
2003;34:426–433.

43. Cooper C, O’Neill T, Silman A. The epidemiology of vertebral
fractures. Bone. 1993;14:89–97.

44. Cooper C, Dunham CM, Rodriguez A. Falls and major injuries
are risk factors for thoracolumbar fractures: cognitive impair-
ment and multiple injuries impede the detection of back pain and
tenderness. J Trauma. 1995;38:692–696.

45. Samuels LE, Kerstein MD. Routine radiologic evaluation of the
thoracolumbar spine in blunt trauma patients: a reappraisal.
J Trauma Inj Infect Crit Care. 1993;34:85–89.

46. Richter D, Hahn MP, Ostermann PAW, et al. Vertical decel-
eration injuries: a comparative study of the injury patterns of
101 patients after accidental and intentional high falls. Injury.
1996;27:655–659.

47. Wedel VL, Galloway A. Broken bones: anthropological analysis
of blunt force trauma. 1st edn. Springfieldlli (IL): Charles C
Thomas Pub Ltd., 1999.

48. Henn V, Lignitz E. Kicking and trampling to death. In: Tsokos M,
editor, Forensic pathology reviews. Totowa (NJ): Humana Press,
2004;1:31–50.

49. Shepherd JP, Al-Kotany MY, Subadan C, et al. Assault and facial
soft tissue injuries. Br J Plast Surg. 1987;40:614–619.

50. Strauch H, Wirth I, Taymoorian U, et al. Kicking to death—
forensic and criminological aspects. Forensic Sci Int. 2001;123:
165–171.

51. Kremer C, Racette S, Dionne C-A, et al. Discrimination of falls
and blows in blunt head trauma: systematic study of the hat brim
line rule in relation to skull fractures. J Forensic Sci. 2008;53:
716–719.

52. Walcher K. Über stumpfe Kopfverletzungen. Dtsch Z ges gerichtl
Med. 1931;17:22–9. Germany.

53. Rogers LF. Radiology of skeletal trauma. London (UK): Churchill
Livingstone, 1992.

54. Arabion HR, Tabrizi R, Aliabadi E, et al. A retrospective analysis
of maxillofacial trauma in Shiraz, Iran: a 6-year-study of 768
patients (2004–2010). J Dent. 2014;15:15–21.

55. Chrcanovic BR, Freire-Maia B, de Souza LN, et al. Facial frac-
tures: a 1-year retrospective study in a hospital in Belo Horizonte.
Braz Oral Res. 2004;18:322–328.

56. Ansari MH. Maxillofacial fractures in Hamedan province, Iran:
a retrospective study (1987–2001). J Craniomaxillofac Surg.
2004;32:28–34.

57. van den Bergh B, Karagozoglu KH, Heymans MW, et al. Aeti-
ology and incidence of maxillofacial trauma in Amsterdam: a
retrospective analysis of 579 patients. J Craniomaxillofac Surg.
2012;40:e165–e169.

58. Kahramansoy N, Erkol H, Kurt F, et al. Analysis of trauma
patients in a rural hospital in Turkey. Turk J Trauma Emerg Surg.
2011;17:231–237.

59. Hussain K, Wijetunge DB, Grubnic S, et al. A comprehensive
analysis of craniofacial trauma. J Trauma Inj Infect Crit Care.
1994;36:34–47.

60. Ribeiro MFP, Marcenes W, Croucher R, et al. The prevalence and
causes of maxillofacial fractures in patients attending accident
and emergency departments in Recife-Brazil. Int Dent J. 2004;54:
47–51.

61. Starkhammar H, Olofsson J. Facial fractures: a review of 922
cases with special reference to incidence and aetiology. Clin
Otolaryngol. 1982;7:405–409.

62. Erdmann D, Follmar KE, DeBruijn M, et al. A retrospective
analysis of facial fracture etiologies. Ann Plast Surg. 2008;60:
398–403.

63. Scherer M, Sullivan WG, Smith DJ, et al. An analysis of 1
423 facial fractures in 788 patients at an urban trauma center.
J Trauma Inj Infect Crit Care. 1989;29:388–390.

64. Saukko P, Knight B. Knight’s forensic pathology. Boca Raton
(FL): CRC Press, 2016.

65. Dias JJ, Gregg PJ. Acromioclavicular joint injuries in sport: rec-
ommendations for treatment. Sports Med. 1991;11:125–132.

66. Robinson CM. Fractures of the clavicle in the adult. Epidemiology
and classification. J Bone Joint Surg Br. 1998;80:476–484.



40 Henriques et al.

67. Sirin E, Aydin N, Mert TO. Acromioclavicular joint injuries:
diagnosis, classification and ligamentoplasty procedures. EFORT
Open Rev. 2018;3:426–433.

68. Neer CS. Fractures and dislocations of the shoulder part I: frac-
tures about the shoulder. In: Green DP, Rockwood CA, editors,
Rockwood Greens fract adults. Philadelphia (PA): Lippincott,
1984, 675–721.

69. Talbot BS, Gange CP, Chaturvedi A, et al. Traumatic rib injury:
patterns, imaging pitfalls, complications, and treatment. Radio-
graphics. 2017;37:628–651.

70. Barrett-Connor E, Nielson CM, Orwoll E, et al. Epidemiology of
rib fractures in older men: osteoporotic fractures in men (MrOS)
prospective cohort study. BMJ. 2010;340:c1069.

71. Kim MJ, Park YS, Kim SW, et al. Chest injury following car-
diopulmonary resuscitation: a prospective computed tomography
evaluation. Resuscitation. 2013;84:361–364.

72. Kani KK, Mulcahy H, Porrino JA, et al. Thoracic cage injuries.
Eur J Radiol. 2019;110:225–232.

73. Senekjian L, Nirula R. Rib fracture fixation. Crit Care Clin.
2017;33:153–165.

74. Restrepo CS, Martinez S, Lemos DF, et al. Imaging appearances of
the sternum and sternoclavicular joints. Radiographics. 2009;29:
839–859.

75. Khoriati A, Rajakulasingam R, Shah R. Sternal fractures and their
management. J Emerg Trauma Shock. 2013;6:113.

76. Rhee P, Kuncir EJ, Johnson L, et al. Cervical spine injury is
highly dependent on the mechanism of injury following blunt
and penetrating assault. J Trauma Inj Infect Crit Care. 2006;61:
1166–1170.

77. Kulvatunyou N, Friese RS, Joseph B, et al. Incidence and pattern
of cervical spine injury in blunt assault: it is not how they are
hit, but how they fall. J Trauma Inj Infect Crit Care. 2012;72:
271–275.

78. Eskesen TG, Baekgaard JS, Peponis T, et al. Cervical spinal cord
injury after blunt assault: just a pain in the neck? Am J Surg.
2019;217:648–652.

79. Kovacs CS. Calcium and bone metabolism disorders during preg-
nancy and lactation. Endocrinol Metab Clin North am. 2011;40:
795–826.

80. Nusselt T, Klinger H-M, Schultz W, et al. Fatigue stress fractures
of the pelvis: a rare cause of low back pain in female athletes. Acto
Orthop Belg. 2010;76:838–843.

81. Meredith DS, Taher F, Cammisa FP, et al. Incidence, diagnosis,
and management of sacral fractures following multilevel spinal
arthrodesis. Spine J. 2013;13:1464–1469.

82. Rodrigues-Pinto R, Kurd MF, Schroeder GD, et al. Sacral frac-
tures and associated injuries. Glob Spine J. 2017;7:609–616.

83. Bydon M, Fredrickson V, De la Garza-Ramos R, et al. Sacral
fractures. Neurosurg Focus. 2014;37:E12.

84. Denis F, Davis S, Comfort T. Sacral fractures: an important prob-
lem. Retrospective analysis of 236 cases. Clin Orthop. 1988;227:
67–81.

85. Sabiston CP, Wing PC. Sacral fractures: classification and neu-
rologic implications. J Trauma Inj Infect Crit Care. 1986;26:
1113–1115.

86. Biffl WL, Smith WR, Moore EE, et al. Evolution of a multidisci-
plinary clinical pathway for the management of unstable patients
with pelvic fractures. Ann Surg. 2001;233:843–850.

87. Chien L-C, Cheng H-M, Chen W-C, et al. Pelvic fracture and
risk factors for mortality: a population-based study in Taiwan.
Eur J Trauma Emerg Surg. 2010;36:131–137.

88. Ragnarsson B, Jacobsson B. Epidemiology of pelvic fractures in a
Swedish county. Acta Orthop Scand. 1992;63:297–300.

89. Pereira GJC, Damasceno ER, Dinhane DI, et al. [Epidemiology
of pelvic ring fractures and injuries]. Rev Bras Ortop. 2017;52:
260–269. Portuguese.

90. Buller LT, Best MJ, Quinnan SM. A nationwide analysis of
pelvic ring fractures: incidence and trends in treatment, length
of stay, and mortality. Geriatr Orthop Surg Rehabil. 2016;7:
9–17.

91. Sanders KM, Nicholson GC, Pasco JA, et al. Health burden of
hip and other fractures in Australia beyond 2000: projections
based on the Geelong Osteoporosis Study. Med J Aust. 1999;170:
467–470.

92. Melton LJ, Sampson JM, Morrey BF, et al. Epidemiologic features
of pelvic fractures. Clin Orthop. 1981;155:43–47.

93. Balogh Z, King KL, Mackay P, et al. The epidemiology of pelvic
ring fractures: a population-based study. J Trauma Inj Infect Crit
Care. 2007;63:1066–1073.

94. Park S-H, Kim J-C, Lee J-E, et al. Pelvic insufficiency fracture after
radiotherapy in patients with cervical cancer in the era of PET/CT.
Radiat Oncol J. 2011;29:269.

95. Hollis AC, Ebbs SR, Mandari FN. The epidemiology and treat-
ment of femur fractures at a northern Tanzanian referral centre.
Pan Afr Med J. 2015;22:338.

96. Reber SL, Simmons T. Interpreting injury mechanisms of blunt
force trauma from butterfly fracture formation. J Forensic Sci.
2015;60:1401–1411.

97. Kieser J, Whittle K, Wong B, et al. Understanding craniofacial
blunt force injury: a biomechanical perspective. In: Tsokos M,
editor. Forensic pathology reviews, vol. 5. Totowa, NJ: Humana
Press, 2008;39–51.

98. Kroman AM. Fracture biomechanics of the human skeleton. Ph.D.
Dissertation, Knoxville: University of Tennessee, 2007.

99. McNulty SL. An analysis of skeletal trauma patterning of acci-
dental and intentional injury. Ph.D. Dissertation, Knoxville:
University of Tennessee, 2016, 193.

100. Marinho L, Cardoso HFV. Comparing known and reconstructed
circumstances of death involving a blunt force trauma mechanism
through a retrospective analysis of 21 skeletonized individuals.
J Forensic Sci. 2016;61:1416–1430.

101. Sharkey EJ, Cassidy M, Brady J, et al. Investigation of the force
associated with the formation of lacerations and skull fractures.
Int J Leg Med. 2011;126:835–844.

102. Moraitis K, Eliopoulos C, Spiliopoulou C. Fracture characteristics
of perimortem trauma in skeletal material. Internet J Biol Anthro-
pol. 2009;3:585.

103. Freeman MD, Eriksson A, Leith W. Head and neck injury patterns
in fatal falls: epidemiologic and biomechanical considerations.
J Forensic Leg Med. 2014;21:64–70.

104. Arbes S, Berzlanovich A. Injury pattern in correlation with
the height of fatal falls. Wien Klin Wochenschr. 2015;127:
57–61.

105. Preuß J, Padosch SA, Dettmeyer R, et al. Injuries in fatal cases of
falls downstairs. Forensic Sci Int. 2004;141:121–126.

106. Richter M. Gerichtsärztliche Diagnostik Und Technik. Leipzig,
Germany: Hirzel, 1905. Germany.

107. de Silva DJ, Rose GE. Orbital blowout fractures and race. Oph-
thalmology. 2011;118:1677–1680.

108. Villa ML, Nelson L, Nelson D. Chapter 22—race, ethnicity,
and osteoporosis. In: Marcus R, Feldman D, Kelsey J editors,
Osteoporos. 2nd edn. San Diego (CA): Academic Press, 2001,
569–584.

109. Popp KL, Hughes JM, Martinez-Betancourt A, et al. Bone mass,
microarchitecture and strength are influenced by race/ethnicity in
young adult men and women. Bone. 2017;103:200–208.


	 Discrimination between falls and blows from the localization and the number of fractures on computed tomography scans of the skull and the trunk
	 Introduction
	 Materials and methods
	 Results
	 Discussion
	 Conclusion
	 Acknowledgements
	 Authors' contributions
	 Compliance with ethical standards
	 Data availability
	 Disclosure statement
	 Funding


